Van der Waals Model of a Fluctuation Gas Closeto the Critical Point
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According to the fluctuation theory of phase transitions [1] a substance close to the critical point is a gas of the
fluctuation clusters. The energy of the fluctuation clusters has the form of ideal gaslaw F; = Nkgr = Co R:>. It ison
the basis of this eguation that the symmetrical scaling equation of state of substance Ap, (t, AY) = dF; / d p was
obtained. Van der Waals ideas [2] concerning the proper volume of the fluctuation clusters and interacting forces
between them at distances r > R, have been used for the first time in the work [3] for extending the range of
application the symmetrical scaling equation of state. Due to this in the work [3] the following expression for
fluctuation part of thermodynamic potential was obtained:
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Herel- w=Vq/V.=p:/ ps, Vo=b Ngisthe proper volume of all fluctuation clusters; b = 4/3 TR isthe volume
of single density fluctuation cluster; p; = p. / (1 - w) is the density of substance inside fluctuation; A is parameter,
which characterises the interaction energy between fluctuation clusters at the distancesr > R.. On the basis of the
expression (1) the coexistence curve (where R, = t' = b, Ap / t*° [1]) can be written as:

(P-p)/pe=dFy/du=+Bot® Bt Bot" ... @

In the equation (2) the second term depends on the density of substance inside the fluctuation clusters. That is, it
depends on the interacting forces between the substance molecules inside the fluctuations. The third term depends
on the attracting forces between fluctuation clusters at distancesr > R.. The form of the equations (1) and (2) has
been proved during investigations of coexistence curve for many liquids with different critical temperatures (for
instance, He (T, = 5.1 K), CO,(T. = 304.3 K), C, F3 Cl5 (T, = 487.11 K) etc.). Analysis of these data has shown that
the density pr of substance inside fluctuation changes from ps = p. (He) to ps = 2.6 p. (C, F5 Cl3) depending on the
critical temperature T of substance. Moreover the constant A of interaction in (1) also increases.
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